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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At RAN1#97 [1], the measurements of RSTD and PRS-RSRP were discussed, including
· Resource/resource-set/cell-specific nature
· Reference point for FR2
· Receiver diversity
· Supported frequency (for DL)
· Supported UE RRC state (for DL)
Besides, the measurements quality was agreed to be supported for both timing based measurements and angle based measurements.
In this contribution, we continue to discuss the physical layer measurements for NR positioning, including both UE measurements and NG-RAN (gNB) measurements. In addition, we present our views on how to specify measurement quality. Finally, the mapping between positioning techniques and RSs/measurements is given to facilitate works for other working groups.

General issues for timing based measurement
Resource-specific or cell-specific/UE-specific
There was discussion in RAN1#97 [1] on whether e.g. RSTD should be defined per TP or per resource.
	Agreement:
Select one (or more) of the following options for the definition of the RSTD
· Option 1: RSTD is defined as the time difference with respect to the subframe timings associated with the different TPs;
· Option 2: RSTD is defined as the time difference with respect to the timings associated with the DL PRS resource sets of different TPs
· Option 3: RSTD is defined as the time difference with respect to the timings associated with the DL PRS resources of different TPs
· Note: Definition of the RSTD applies at least to the RSTD measurements obtained from DL PRS. It does not preclude the RSTD obtained from other DL RS.



In our view, definition of RS/beam-specific RSTD is not necessary, and RSTD should be defined on a per-cell basis, due to the following reasons.
· From the LMF point of view, RSTD only makes sense when a single RSTD is associated with a single transmission location, which is a TP, or a “cell” in LPP specification [4].
· RSTD is based on the timing difference between cells, and in TS 38.211 (DL/UL frame timing) and TS 38.215 (SFTD), all the timing related to a cell does not have to be tied with a resource.
· Even though the RSTD measurement is based on an RS/beam, different RSs/beams could provide the same TOA measurement. Therefore, a RSTD measurement should be avoided to be exclusively associated with a single RS/beam in the definition.
Figure 1 shows a typical channel impulse response at an Rx antenna element under different Tx beams using TR 38.901 channel model [3]. The evaluation assumption can be found in the Appendix A.
In Figure 1, one LOS path and additional reflecting paths are between gNB and UE, each associated with a delay. It is observed that different Tx beams would have a different weighting coefficients on each path. 
Figure 2 shows the beam pattern for the 8 beams used in the evaluation of Figure 1, while the LOS path is located in the center. It can be observed that beam#4 and beam#5 are the best beams that matches the path, resulting a large receive power. For other beams, although the main direction is far from the LOS path, the path may still be in the side-lobe, and thus can be observed. For most beams, the LOS path can be identified as the first path, if the empirical threshold based on path detection algorithm is used.
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[bookmark: _Ref6664714]Figure 1 Channel impulse response under different Tx beams

Observation 1: The same LOS path may be identified as the first path in multiple beams, while the difference is the power of the respective path in different beams.
The UE can still report the PRS resource ID along with RSTD in LPP [4] used to derive the TOA measurement. However, this would only be valid under the following conditions:
· The LMF knows the transmission direction related to the PRS resource ID.
· The reported resource ID is the one with maximum power of the first path among all resources in the resource set.
When the above conditions are met, it is no longer an OTDOA positioning, but rather a hybrid OTDOA-DAoD positioning.
Observation 2: If PRS resource ID is reported along with RSTD, it is no longer a pure OTDOA positioning, and it requires the following to utilize the PRS resource ID information. 
· Additional information, such as beam direction, and 
· Additional requirements, such as the resource with the strongest power of the first path among all resources to be reported.
The problem of a resource specific RSTD is that it would cause unnecessary complexity in reporting, since RSTD is the timing difference. If the number of observed TOAs for one cell is 3, and that of another cell is also 3, the total number of RSTDs would be 9. Reporting 9 RSTDs would be very inefficient compared to the existing multi-path reporting in LTE.
[image: ]
[bookmark: _Ref15293908]Figure 2 Beam pattern along azimuth
Meanwhile, Option 2 and Optional 3 were written in a way that the timing is related to the receive time of a specific resource or resource set, instead of subframe/frame timing. This would complicate the LMF since LMF has to derive the symbol-level difference within a subframe of the PRS resources from two TPs.
Rx time difference between subframe timing
Subframe #i of cell A
Subframe #i of cell B
Rx time difference between resources
PRS from cell A
PRS from cell B

Figure 3 Rx time difference between subframes and between PRS
The same arguments should also be applied to UL timing based measurements, including UL-RTOA, and gNB Rx – Tx time difference, i.e., the UL-RTOA or gNB Rx – Tx time difference should be defined by UL timing of a UE, instead of a specific SRS resource.
Therefore, we have the following proposal:
Proposal 1: DL timing based measurements, including RSTD, and UE Rx – Tx time difference, are defined with respect to the timing of a cell.
· UE may use multiple resources to determine the timing of the first path of the cell.
· UE may report the PRS resource ID(s) used for determining the timing of the cell. FFS which PRS resource ID is selected.
Proposal 2: UL timing based measurements, including UL-RTOA, and gNB Rx – Tx time difference, are defined with respect to the timing of a UE.
· gNB may use multiple resources to determine the timing of the first path of the UE.
· gNB may report the SRS resource ID(s) used for determining the timing of the cell. FFS which SRS resource ID is selected. 
Rx diversity
For the same reason, using multiple Rx beams does not change the timing difference between cells/UEs used for positioning. In case of multiple Rx beams, the same approach can be adopted, that UE (or gNB) uses multiple receive branches to determine the timing of the first path of the cell (or UE).
As for how to use the multiple receive branches, it can be
· The earliest first path among all first paths each derived from a receive branch
· The first path of a synthesized channel impulse response (CIR) using the CIRs from multiple receive branches
In our view, it is not necessary to specify how the first path is obtained using multiple receive branches, as long as the requirements of accuracy of the timing of first path are met.
Proposal 3: The behavior for Rx diversity in DL timing based measurements is left up to the UE implementation, as long as the requirements of accuracy of the timing of the first path are met.
For DL, similar to PRS resource ID reporting, the UE could still report the receive beam/panel information in LPP [4] for reflection identification. For example, different paths may be received by different panels at a UE, such as a direct path and a strong reflected path received by different panels. Due to partial blockage or the UE panel orientation, the strongest signal may not necessarily be the signal from the LOS path. In this situation, by reporting the Rx panel information, the LMF may have a chance to determine whether the signal is from a LOS path or a strong reflected path by analyzing the measurements obtained in the same RX panel with the signal from different TPs/beams. For instance, for a given TP, if the signal transmitted from other TPs which locates in the opposite side of the UE w.r.t this TP is received with good quality, the measurement for this TP is probably obtained from a reflected path and is less trustworthy.
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Figure 4 Panel specific measurement to identify reflection

Proposal 4: For DL timing based measurements, the UE can report the information related to receive beam/panel for deriving the timing of a cell
· FFS details of the information.

Measurement definition
UE measurements
RSTD
The illustration of how RSTD is measured in LTE is shown in Figure 5. In our view the same principle can be used in NR.
Subframe x of reference cell i
Subframe y of neighbour cell j
RSTD
TSubframeRxi
TSubframeRxj

[bookmark: _Ref3465212]Figure 5 Illustration of RSTD

Based on the discussion in section 2, we propose the following definition of RSTD.
	Definition
	The relative timing difference between the neighbouring cell j and the reference cell i, defined as TSubframeRxj – TSubframeRxi, where TSubframeRxj is the time when the UE receives the start of one subframe from cell j, TSubframeRxi is the time when the UE receives the corresponding start of one subframe from cell i that is closest in time to the subframe received from cell j.

For intra-frequency RSTD measurements, if the measurement gap is not configured, UE is not expected to measure the PRS resource(s) outside of the active downlink bandwidth part or with a different numerology from that of the active downlink bandwidth part.

For NR frequency range 1, the reference point for the RSTD shall be the antenna connector of the UE. For NR frequency range 2, TBD

	Applicable for
	RRC_CONNECTED intra-frequency
RRC_CONNECTED inter-frequency



As discussed in section 2.1, the timing for RSTD determination should be cell-specific. It is natural that a reference for RSTD should correspond to a cell/TP. The TP can be a TP from a serving cell, or a LOS TP from a neighbouring cell if LMF can have some prior information. UE may reselect another TP for RSTD calculation and reporting if the configured reference TP has a poor TOA quality.
Resource specific reference within a reference resource set may be problematic and the benefit of it is not clear.
· If reference resource is selected by LMF based on the matched direction between beam and UE location, LMF should have such prior information.
· Even if LMF has such prior information, LMF can anyway configure the PRS resource set to contain only a single PRS resource to reduce the UE receiving effort.
In summary, we have the following proposal:
Proposal 5: The reference for RSTD for both network configuration and UE reselection should be a cell/TP, as defined in LTE.

UE Rx – Tx time difference
To extend the UE Rx – Tx time difference to NR, we need to consider the changes with respect to neighbouring cells, especially when serving cells and neighbouring cells are not synchronized. 
As in our companion contribution [6], SRS configuration/transmission timing is based on the serving cell, while PRS configuration/transmission timing is based on the neighbouring cell, and if two RS resources used to derive the cell timing is not synchronized, a similar mechanism to RSTD definition should be used. For example, the UL system frame or subframe of the serving cell can be selected to be the one that is closest in time to the DL system frame or subframe of the neighbouring cell.
Figure 6 illustrates how Rx – Tx time difference is measured. UE has to evaluate the Rx time based on the reception of DL RS from a cell that it attempts to measure RTT, and UE derives the Tx time based on the timing from the serving cell. The same issue exists for gNB Rx – Tx time difference, which will be discussed in section 3.2.3.
gNB
UE
Receive timing of DL SFN #i of the neighbouring cell
Transmit timing of UL SFN #j of the serving cell targeting the neighbouring cell
TUE-Rx
TUE-Tx
Transmit timing of DL SFN #i of the neighbouring cell
Receive timing of UL SFN #j of the serving cell targeting the neighbouring cell
gNB Rx – Tx time difference
TgNB-Tx
TgNB-Rx
UE Rx – Tx time difference

[bookmark: _Ref3542734]Figure 6 UE Rx-Tx time difference when Rx and Tx time are measured from different cells
The definition is given as follows:
	UE Rx-Tx time difference
	The UE Rx – Tx time difference is defined as TUE-RX – TUE-TX

Where:
TUE-RX is the UE receive timing of downlink radio frame #j from a cell, defined by the first detected path in time.
TUE-TX is the UE transmit timing of uplink radio frame #i of the serving cell that is closest in time to the downlink radio frame #j of the cell for which TUE-RX is calculated.

For frequency range 1, the reference point for TUE-RX shall be the Rx antenna connector of the UE. For frequency range 2, TUE-RX shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. 

For frequency range 1, the reference point for TUE-TX shall be the Tx antenna connector of the UE. For frequency range 2, TUE-TX shall be measured based on the combined signal from antenna elements corresponding to a given transmitter branch.

	Applicable for
	RRC_CONNECTED intra-frequency



NG-RAN measurement
UL-RTOA
In LTE, UL-RTOA was specified as the LMU measurement, where LMU attempts to detect SRS within the window, and further measures the UL-RTOA, shown in Figure 7. The UL-RTOA reference time could be the DL timing of the subframe where SRS is configured or any other time stamp as long as a valid UL-RTOA can be mapped.
Subframe i
Subframe i+1
RTOA reference time
Subframe i+1
SRS
UL-RTOA
Rx of LMU
Subframe i

[bookmark: _Ref3553908]Figure 7 Illustration of RTOA in LTE
In term of UL-RTOA measurement, the following differences from LTE should be considered for NR:
· No LMU is specified in NR and it is gNB that receives SRS.
· SRS may be transmitted directionally so multiple SRS resources may be needed.
· SRS resource configuration is more flexible.
As discussed in our companion paper [6], we propose to support indication to the neighbouring cell of the SFN initialization time of the serving cell. With the SFN initialization time, and SRS configuration, the neighbouring gNB can determine the subframe that contains the SRS and set the beginning of the subframe as the RTOA reference time. Therefore, we propose the following definition for UL-RTOA as a starting point.
	Definition
	The UL Relative Time of Arrival (TUL-RTOA) is the beginning of subframe i containing SRS received at a gNB j relative to the beginning of subframe i of the serving gNB derived in reference to its SFN initialization time. 

For frequency range 1, the reference point for the UL relative time of arrival shall be the RX antenna connector of the gNB j. For frequency range 2, UL-RTOA shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch.



SRS-RSRP
SRS-RSRP has already been proposed in CLI, where the measurement is carried out by UE. The definition can be reused for gNB measurement. 
	Definition
	SRS reference signal received power (SRS-RSRP) is defined as linear average of the power contributions (in [W]) of the resource elements carrying sounding reference signals (SRS).

SRS-RSRP shall be measured over the configured resource elements within the considered measurement frequency bandwidth in the time resources in the configured measurement occasions.

For frequency range 1, the reference point for the SRS-RSRP shall be the Rx antenna connector. For frequency range 2, SRS-RSRP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch.

For frequency range 1 and 2, if receiver diversity is in use, the reported SRS-RSRP value shall not be lower than the corresponding SRS-RSRP of any of the individual receiver branches.



gNB Rx – Tx time difference
As discussed in UE Rx – Tx time difference in section 3.1.2, we assume that UE Tx is synchronized to the serving cell. Figure 6 also illustrates how gNB Rx – Tx time difference is measured. gNB has to evaluate the Rx time based on the reception of UL RS from a UE in a neighbouring cell and derives the Tx time based its own timing. 
The definition is given as follows:
	gNB Rx-Tx time difference
	The gNB Rx – Tx time difference is defined as T gNB-RX – TgNB-TX

Where:
T gNB-RX is the gNB receive timing of a radio frame that is closest in time to of radio frame #i, defined by the first detected path in time. 
T gNB-TX is the gNB transmit timing of radio frame #i.

For frequency range 1, the reference point for the T gNB-RX shall be the Rx antenna connector of the gNB. For frequency range 2, T gNB-RX shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. 

For frequency range 1, the reference point for T gNB-TX shall be the Tx antenna connector of the gNB. For frequency range 2, T gNB-TX shall be measured based on the combined signal from antenna elements corresponding to a given transmitter branch.



Azimuth angle of arrival (AoA)
The illustration of how AoA is measured is shown in Figure 8.

North
West
Horizontal plane


zenith

[bookmark: _Ref3796340]Figure 8 Illustration of AoA and ZoA

Unlike LTE, since 3D MIMO is commonly deployed in NR, we split the angle into azimuth angle (AoA) and zenith angle (ZoA), where AoA is defined within the horizontal plane, into which the 3D direction projects, relative to the geographical North, as denoted by  in Figure 8. The terminology of AoA should not preclude the acquisition based on DL signals, e.g., AoD, since both AoA in a narrow sense (based on UL measurement) and AoD represent the same physical parameter, i.e., the direction of UE, and can be included in the AoA definition in a wide sense. The definition is given as follows:
	Definition
	AoA defines the estimated angle of a user in the horizontal plane with respect to a reference direction. The reference direction for this measurement shall be the geographical North, positive in a counter-clockwise direction.

The AoA is determined at the gNB antenna for an UL channel or an SRS corresponding to this UE or based on the DL PRS measurement by the UE.



Zenith angle of arrival (ZoA)
The illustration of how ZoA is measured is also shown in Figure 8. ZoA is defined as the angle towards zenith, taken from [0, 180] degrees, as denoted by  in Figure 8. For example,  points to the zenith, and  points the horizon. The terminology of ZoA should not preclude the acquisition based on DL signals, e.g., ZoD, since both ZoA in a narrow sense (based on UL measurement) and ZoD represent the same physical parameter, i.e., the direction of UE, and can be included in the ZoA definition in a wide sense. The definition is given as follows:
	Definition
	ZoA defines the estimated angle of a user with respect to a reference direction. The reference direction for this measurement shall be the zenith.

The ZoA is determined at the gNB antenna for an UL channel or an SRS corresponding to this UE or based on the DL PRS measurement by the UE.



Measurement quality
At RAN1#97 [1], we agreed that the quality metrics reporting should be supported for the timing based measurement and angle based measurements.
	Agreement:
· Support reporting separate metric(s) corresponding to quality of each of the following measurements
· RSTD
· UE Rx-Tx time difference
· UL-RTOA
· gNB Rx-Tx time difference
· UL angle of arrival, including the azimuth of arrival (AoA) and the zenith of arrival (ZoA)
· FFS: The details of these quality metrics



Timing based measurement
For timing based measurement, LTE assumes uniform distribution of RSTD error within an uncertainty range. The uncertainty range is given by OTDOA-MeasQuality. The same mechanism can be considered for NR as a starting point. 
OTDOA-MeasQuality ::= SEQUENCE {
	error-Resolution		BIT STRING (SIZE (2)),
	error-Value				BIT STRING (SIZE (5)),
	error-NumSamples		BIT STRING (SIZE (3))				OPTIONAL,
	...
}

If high-resolution techniques, such as MUSIC or phase difference mechanisms [8], are used, a different distribution may be assumed, for example, normal distribution.
Figure 9 shows the evaluation results of TOA error in terms of meters, based on the simulation assumptions listed in Appendix B. The TOA error distribution shows a curve similar to normal distribution.
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[bookmark: _Ref16683471]Figure 9 TOA error histogram for a LOS channel using high-resolution algorithm
Proposal 6: Support in NR modeling the quality of timing measurements as Gaussian distribution in addition to the mechanism as LTE OTDOA measurement quality.

Angle measurement
For angle measurement, there was no definition for the quality in LTE. The error can be model as normal distribution, due to the same consideration as high-resolution RSTD.
Considering the singularity of AoA when ZoA = 0 or  as mentioned in [9], the angle quality should be modelled in the local coordinate system (LCS) of the gNB antenna array, by considering the LCS-GCS (Global Coordinate System) transformation at gNB given in [3] sequentially by
· Bearing 
· Downtilt 
· Slant 
In the LCS of gNB antenna, it is assume that the antenna array is located in the y’Oz’ plane, i.e, , where horizontal array is along the y’-axis, and the vertical array is along the z’-axis.
Proposal 7: Support reporting the gNB antenna orientation and modeling angle quality as Gaussian distribution defined in the LCS of gNB antenna array. FFS how to model the Gaussian variable.
SRS-RSRP
SRS-RSRP measurement at serving and neighboring gNBs was agreed for positioning in SI [7] and WI description [1]. Using SRS-RSRP along with UL-RTOA, and AOA/ZOA reporting, LMF can identify the channel condition along with the measurement and quality of UL-RTOA and AOA/ZOA. Another usage of SRS RSRP is to estimate the pathloss and further the distance between UE and the respective TMF, so that a coarse location can be obtained.
Proposal 8: The gNB can report SRS-RSRP along with the measurement and measurement quality of UL-RTOA and AOA/ZOA.

Multi-path reporting 
In the context of discussing multi-path reporting, we are not revisiting the definition of RSTD, angle, Rx – Tx time difference, etc. The multi-path reporting can be specified in LPP [4] or NRPPa [5] as additional reporting content to improve the robustness.
Since multi-path reporting is already supported in LTE, there is very small impact on NR specification. The difference is that NR has both timing based measurements and angle based measurement. The multi-path reporting should be associated with both.
For example, for each additional path, 
· For gNB measurement, a triplet of {relative delay to the main path, AOA, ZOA} can be reported, where the main path can be associated with RTOA, gNB Rx – Tx time difference, and AOA/ZOA measurements.
· For UE measurement, an array composed of relative delay to the main path and path power under multiple resources can be reported, where the main path can be associated with RSTD, and UE Rx – Tx time difference measurements, where the path power is associated with path-specific DAOD calculation.
Therefore, we have the following proposal.
Proposal 9: Support reporting multi-path measurements with jointly reporting
· Timing and angle of each path, up to 3 paths at gNB
· Timing and power of each path under multiple beams, up to 3 paths at UE.

Mapping between positioning techniques and measurements
It seems like RAN2 is confused about the measurements used in each positioning technique when discussing the potential categorization of positioning techniques in stage-2 specification, as quoted in Appendix C.
We summarize the mapping in Table 1 based on the discussions in the study item. Note that only the essential measurements that make the positioning technique work are listed. Other measurements to improve the performance could be considered further. In the table, we also explicitly provide the information whether the measurement is applicable to the serving cell/served UE only, or it is also applicable to the neighbouring cell/UE.

[bookmark: _Ref3811446]Table 1 Mapping between positioning techniques and measurements
	Positioning techniques
	UE measurements
	gNB measurement

	
	Serving cell
	Neighbouring cell
	Served UE
	Neighbouring UE

	DL-TDOA
	RSTD
	RSTD
	
	

	DL-AoD
	PRS-RSRP
	PRS-RSRP
	AoA, ZoA
	AoA, ZoA

	UL-TDOA
	
	
	UL-RTOA
	UL-RTOA

	UL-AoA
	
	
	AoA, ZoA
	AoA, ZoA

	E-CID
	UE Rx – Tx time difference, RSRP/RSRQ
	RSRP/RSRQ
	gNB Rx – Tx time difference, AoA, ZoA
	

	Multi-RTT
	UE Rx – Tx time difference
	UE Rx – Tx time difference
	gNB Rx – Tx time difference
	gNB Rx – Tx time difference



Proposal 10: Support the mapping between each positioning technique and the essential measurements as follows. 
· FFS other measurements to enhance the performance.
· FFS reference signals to obtain the measurements.

[bookmark: _Ref129681832]Conclusion
In this contribution, we have provided our view on measurement to be specified for NR positioning. Based on the discussion, we have the following proposals:
Observation 1: The same LOS path may be identified as the first path in multiple beams, while the difference is the power of the respective path in different beams.
Observation 2: If PRS resource ID is reported along with RSTD, it is no longer a pure OTDOA positioning, and it requires the following to utilize the PRS resource ID information. 
· Additional information, such as beam direction, and 
· Additional requirements, such as the resource with the strongest power of the first path among all resources to be reported.
Proposal 1: DL timing based measurements, including RSTD, and UE Rx – Tx time difference, are defined with respect to the timing of a cell.
· [bookmark: _GoBack]UE may use multiple resources to determine the timing of the first path of the cell.
· UE may report the PRS resource ID(s) used for determining the timing of the cell. FFS which PRS resource ID is selected.
Proposal 2: UL timing based measurements, including UL-RTOA, and gNB Rx – Tx time difference, are defined with respect to the timing of a UE.
· gNB may use multiple resources to determine the timing of the first path of the UE.
· gNB may report the SRS resource ID(s) used for determining the timing of the cell. FFS which SRS resource ID is selected. 
Proposal 3: The behavior for Rx diversity in DL timing based measurements is left up to the UE implementation, as long as the requirements of accuracy of the timing of the first path are met.
Proposal 4: For DL timing based measurements, the UE can report the information related to receive beam/panel for deriving the timing of a cell
· FFS details of the information.
Proposal 5: The reference for RSTD for both network configuration and UE reselection should be a cell/TP, as defined in LTE.
Proposal 6: Support in NR modeling the quality of timing measurements as Gaussian distribution in addition to the mechanism as LTE OTDOA measurement quality.
Proposal 7: Support reporting the gNB antenna orientation and modeling angle quality as Gaussian distribution defined in the LCS of gNB antenna array. FFS how to model the Gaussian variable.
Proposal 8: The gNB can report SRS-RSRP along with the measurement and measurement quality of UL-RTOA and AOA/ZOA.
Proposal 9: Support reporting multi-path measurements with jointly reporting
· Timing and angle of each path, up to 3 paths at gNB
· Timing and power of each path under multiple beams, up to 3 paths at UE.
Proposal 10: Support the mapping between each positioning technique and the essential measurements as follows. 
· FFS other measurements to enhance the performance.
· FFS reference signals to obtain the measurements.
	Positioning techniques
	UE measurements
	gNB measurement

	
	Serving cell
	Neighbouring cell
	Served UE
	Neighbouring UE

	DL-TDOA
	RSTD
	RSTD
	
	

	DL-AoD
	PRS-RSRP
	PRS-RSRP
	AoA, ZoA
	AoA, ZoA

	UL-TDOA
	
	
	UL-RTOA
	UL-RTOA

	UL-AoA
	
	
	AoA, ZoA
	AoA, ZoA

	E-CID
	UE Rx – Tx time difference, RSRP/RSRQ
	RSRP/RSRQ
	gNB Rx – Tx time difference, AoA, ZoA
	

	Multi-RTT
	UE Rx – Tx time difference
	UE Rx – Tx time difference
	gNB Rx – Tx time difference
	gNB Rx – Tx time difference
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Appendix A
Evaluation assumptions for section 2.1 are shown in Table 2.
[bookmark: _Ref6665566]Table 2 Parameter of evaluation of channel impulse response
	Channel model
	CDL-D 100ns

	Carrier frequency
	30GHz

	Tx antenna configuration
	(M,N,P) = (4,8,1)

	Tx beam pattern
	Horizontal: 8 DFT beam sweeping 
Vertical: Fixed DFT beam

	Rx antenna configuration
	Single antenna



Appendix B
Evaluation assumptions for section 4.1 are shown in Table 3.
[bookmark: _Ref16683905]Table 3 Parameter of evaluation of TOA error
	Channel model
	TR 38.901 Indoor channel model (Forcing LOS)

	Layout
	60mx60mx3m with 4 BSs mounted on the four corners of the ceiling

	Carrier frequency
	2GHz

	Channel bandwidth
	50MHz

	Reference signal
	NR-TRS

	Tx antenna configuration
	Single port

	Rx antenna configuration
	(1,1,2): cross-polarized antenna



Appendix C
The meeting minutes documented during RAN2#106 [10] are attached as follows.
	R2-1907758	Consideration on framework for RAT-dependent positioning method in NR	Huawei, HiSilicon	discussion	Rel-16	NR_pos-Core


Proposal 1: Define downlink-only positioning method in stage-2 spec to cover DL-TDOA and DL-AoD.
Proposal 2: Define uplink-only positioning method in stage-2 spec to cover UL-TDOA and UL-AoA.
Proposal 3: Define multi-cell RTT positioning as a separate positioning method in stage-2 spec.
Proposal 4: Define E-CID as a separate positioning method in stage-2 spec to cover uplink E-CID and downlink E-CID like in LTE.

Qualcomm think this requires a bit more thinking as to whether DL-AoD could be a separate method or combined with E-CID.  They think downlink positioning in Rel-15 stage 2 is specific to OTDOA and it could create complications to expand it.
CATT agree with the proposals and think there could be a note to clarify that downlink has different nomenclature in NR and LTE.
Nokia think we should wait for RAN1 progress before classifying methods.  They assume the stage 2 impact would be to capture it in the table of methods.
ZTE tend to agree with Qualcomm about DL-AoD, and have a similar concern about UL-AoA being part of the uplink method.  They also agree with Nokia that RAN1 may need to progress further.
Ericsson also agree that it would be good to wait for RAN1.
Huawei are not sure what we need to wait for from RAN1.  For the positioning methods we should have a clear idea of what kind of reference signals and measurements are needed already and we can classify the methods accordingly.
Intel think before we can decide how to group the techniques we need more information from RAN1.
ZTE think we are definitely not clear on what kind of RS are needed.
Nokia think we can discuss the criteria for classification.  Typically we don’t classify based on the reference signal used but on the method usage or the measurements.
Intel agree that we should group techniques together based on whether using them together can improve accuracy.
Huawei think the classification is more to reduce workload on the specification and avoid repeating specification work across different methods.
CATT think we can agree which methods can work standalone and which can be hybridised together and categorise them accordingly.
Intel think the techniques of measurement and the associated accuracy are the criterion.
CATT think the classification is not related to the RS design and doesn’t need to wait for RAN1.
Qualcomm think the assistance data relates to the method categorisation, and in this sense there is a dependency on RS design.  Also single-cell vs. multi-cell measurements need to be considered.
Nokia think we can try to agree by email on criteria for classification.  Ericsson think we could wait another meeting cycle for RAN1.
Intel tend to agree with Ericsson and think how we describe the methods in stage 2 is not urgent.  They think we could use the techniques described in the WID as a working categorisation.

· Noted (wait for RAN1 and rely on the categorisation of techniques from the WID for now)
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